Abstract
Introduction
Portfolio selection is concerned with the problem of allocating one's wealth among alternative securities such that the investment goal can be achieved. The mean-variance model originally introduced by Markowitz (1952) plays an important role in the development of modern portfolio selection theory. A great deal of research work has been done on portfolio selection including these typical researchers such as Sharpe (1970) , Merton (1972) , Perold (1984) , Pang (1980) , etc.
Furthermore, more achievements in research work of utility for portfolio selection problem have been obtained. Two models of asset markets and portfolio choice were discussed by Nielsen (1993) : one where the von Neumann-Morgenstern utility function was defined on the non-negative real line and short-selling was not allowed, and one where the von Neumann-Morgenstern utility function was defined on the entire real line and short-selling may be possible. Jonathan and Ingersoll (1992) studied a consumption portfolio problem for a class of intertemporally dependent utility functions. The effects of income and wealth taxation on portfolio choice and equilibrium rates of return on assets were examined. And the results in a nonexpected utility model obtained by Prasad (1991) differed significantly from the conclusions of the expected utility model. To provide a framework for judging the economic significance of departures from the arbitrage pricing theory, a utility-based metric based on optimal portfolio choices was provided by McCulloch and Rossi (1990) . Non-expected utility preferences, which can distinguish intertemporal substitution from attitudes towards risk, were extended to continuous time by Svensson (1989) . Counterexamples were given by McLennan (1979) which show that preference orderings on portfolios need not uniquely determine the von Neumann-Morgenstern utility of income function. These counterexamples may not be robust, but robust examples exist if high and low incomes cannot be observed. Goldman (1974) presented that much controversy surrounds the use of the portfolio investment rules induced by maximizing the expected logarithm of terminal wealth (henceforth referred to as the MEL policy). However, Goldman concludes that the wholesale use of the MEL policy as an approximation to the optimal program is unwarranted. Gundel and Weber (2008) analyzed optimal portfolio choice of utility maximizing agents in a general continuous-time financial market model under a joint budget and downside risk constraint. The risk constraint is given in terms of a class of convex risk measures. For a complete market, the wealth maximization problem is equivalent to a dynamic portfolio optimization problem. A constrained utility maximization problem in an incomplete market for a utility function defined on the whole real line is addressed. Lundtofte (2008) analyzed the expected life-time utility and the hedging demands in an exchange only, representative agent general equilibrium under incomplete information. Assuming that the decision maker ranks the alternatives by using a specific dual expected utility, Cenci and Filippini (2006) analysed the portfolio selection problem under the non-expected utility theory. Bhamraa and Uppal (2006) find that, in general, consumption and portfolio decisions depend on both risk aversion and elasticity of intertemporal substitution. The size of risk aversion relative to unity determines the sign of the intertemporal hedging portfolio, while elasticity of intertemporal substitution affects only its magnitude. Ma (2006) presented an equilibrium formulation of asset pricing in an environment of mixed Poisson-Brownian information with recursive utility. The optimal portfolio choice problem is studied together with a derivation of Euler equation as necessary condition for optimality. Damgaard (2003) examine the problem of .nding investors reservation prices of European contingent claims in a continuous time finite horizon economy with proportional transaction costs. The concept of growth maximization as a criterion for multiperiod portfolio selection is generalized by Hellwig (2002) . Furthermore, it is shown that relaxing the condition of maximum growth can lead to an inconsistency with the utility maximization concept. Carlsson et al. (2002) assume that: (i) each investor can assign a welfare, or utility, score to competing investment portfolios based on the expected return and risk of the portfolios; and (ii) the rates of return on securities are modelled by possibility distributions rather than probability distributions. Under the assumption, Carlsson et al. present an algorithm for portfolio selection model based on possibility theory. Neilson and Winter (2002) investigated whether a single utility function can fit data from both small-and large-scale risks. Utility functions consistent with the wage-fatality risk tradeoff are less risk averse than those consistent with portfolio choice data, as predicted by the expected utility calibration theorem. Dokuchaev and Zhou (2001) investigated an investment/hedging problem in a multi-stock financial market with random appreciation rates. Goll and Kallsen (2000) considered the problem of maximizing the expected logarithmic utility from consumption or terminal wealth in a general semimartingale market model. The solution is given explicitly in terms of the semimartingale characteristics of the securities price process.
There are many non-probabilistic factors that affect the financial market such that the return of risky asset is fuzzy uncertainty. Bellman and Zadeh (1970) In this paper, we will discuss the portfolio selection problem for bounded assets under assumption each investor's utility is the mean-variance type function. The rest of this paper is organized as follows. In Section 1, the definitions of upper and lower possibilistic means, variances and covariances are given. In Section 2, three kinds of possibilistic mean-variance utilities to portfolio selection for bounded assets are proposed as a single objective programming model based on possibility theory. In Section 3, a numerical example is used to verify the effectiveness of model by some related algorithm. Section 4 concludes the paper.
Upper and lower possibilistic means, variances and covariances
Let us introduce some definitions, which we shall need in the following section. A fuzzy number A is a fuzzy set of the real line R with a normal, fuzzy convex and continuous membership function of bounded support. The family of fuzzy numbers is denoted by F . A γ − level set of a fuzzy number A is defined 
denote the possibilistic variance of A by
and let the possibilistic covariance of A and B be
respectively. The standard deviation of A is defined by 
Where Pos denotes possibility, i.e. 
Definition 3: Denote the lower possibilistic variance of fuzzy number A by * ( ) Var A : 
Definition 5: Denote the lower possibilistic covariance of fuzzy numbers A and B by * ( ) Cor A : 
The following theorem show that the upper and lower possibilistic mean values and variance of linear combinations of fuzzy numbers can easily be computed in a similar manner as in probability ( [25] ). Theorem 2.1. Let 1 2 , , , n A A A be n fuzzy numbers and let 0 1 , , , n λ λ λ are nonnegative real numbers, then
and
Possibilistic mean-variance utility to portfolio selection for bounded assets
In the conventional Markowitz's mean-variance model, the return rate of risky asset is considered as a random variable. It is well known that the returns of risky assets are in a fuzzy uncertain economic environment and vary from time to time, the future states of returns and risk of risky assets cannot be predicted accurately. Fuzzy number is a more powerful tool used to describe an uncertain environment with vagueness and ambiguity. Based on these factors, we consider the portfolio selection problem under the assumption that the returns of assets are trapezoid fuzzy numbers.
In order to describe conveniently, we use the following notations: 
In the portfolio selection problem, the mean-variance utility function is consistent with the notion that utility is enhanced by high expected returns and diminished by high risk. Now, we introduce a possibilistic approach to selecting portfolios with highest utility score for bounded assets under the assumption that the returns of assets are trapezoid fuzzy numbers, i.e. the following portfolio selection problem with possibility distributions: 
where H is denoted by the covariance matrix, ( ) ,( , 1,2, , )
, and H is a symmetric definite matrix. We use prime ( ' ) to denote matrix transposition and all non-primed vectors are column vectors for convenience.
The upper and lower possibilistic means and variances of the future expected return associated with the portfolio 1 2 ( , , , ) 
Numerical example
In order to illustrate our proposed effective means and variances of the efficient portfolio in this paper, we considered a real portfolio selection example. In this example, we selected five stocks from Shanghai Stock Exchange, their returns , 1,2, ,5 
Fist, we can the following portfolio selection based on lower possibilistic means and variances with highest utility score by (28) , (31) 
We solve this quadratic programming problem by Matlab, obtain the following optimal solution: Finally, we can the following portfolio selection based on weighted lower and upper possibilistic (with a parameter λ ) means and variances with highest utility score by (29) , (32) 
We solve this parametric quadratic programming problem by Matlab language, obtain the following optimal solutions in Table 1 as to different values of λ : According to the data in Table 1 , we can obtain the curve abut the value of parameter λ and the value of utility U . The figure of λ and U U is almost a line. 
Conclusion and discuss
Fuzzy number is a powerful tool used to describe an uncertain environment with vagueness and ambiguity to compare with the conventional probabilistic mean-variance methodology. In this paper, we have considered the portfolio selection problem for bounded assets under assumption each investor's utility is the mean-variance type function, which can be regarded as a natural extension of Carlsson et al. [20] . Moreover, we propose three kinds of optimization portfolio selection models: (I) a quadratic programming model for upper possibilistic mean-variance utility; (II) a quadratic programming model for lower possibilistic mean-variance utility; and (III) a quadratic programming model with a parameter for weighted upper and lower mean-variance utility. Finally, a numerical example of the portfolio selection problem is given to illustrate our proposed effective possibilistic means, variances and approaches by some related algorithm. And at the same time, we discuss the optimal solutions as to different parameters of λ in (III) by a numerical example. We have shown that models (I) and (II) are special cases to model (III) when λ = 1, 0 respectively.
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